ABSTRACT. Cinnamon is the main component of Sanyangxuedai, which is one of the effective traditional Chinese medicines for treating malignancies. Leukemia is a prevalent malignant disease that Sanyangxuedai has been used to treat. Although successful in several studies, there is a lack of solid evidence as to why Sanyangxuedai has an effect on leukemia, and little is known about the underlying mechanisms. In this study, the active ingredients of cinnamon were isolated, purified, and identified. The transwell transport pool formed with the Caco-2 cell model was used to filter the active ingredients of cinnamon by simulating the gastrointestinal barrier in vitro. Moreover, the cell morphology, cell cycle status, apoptosis status, and antigenic variation of the cell surface antigens were observed and measured in K562 cells after treatment with the active ingredients of cinnamon. Our results showed that 50-75 µM was a safe concentration of cinnamon extract for treatment of K562 cells for 72 h. The cinnamon extract caused growth inhibition of K562 cells. Cinnamon extract seemed to arrest the cells at the G1 stage and increased the apoptosis rate significantly. Interestingly, cinnamon extract treatment upregulated the expression of erythroid and myeloid differentiation antigens and downregulated that of the megakaryocytic differentiation antigens in a dose-dependent manner. Our findings indicate that cinnamon extract from Sanyangxuedai may be effective for treating leukemia.
INTRODUCTION
Leukemia is one of the common malignancies of human blood cells. Leukemia is responsible for the eighth highest fatality rate among Chinese cancer patients and the highest mortality rate among children and teenagers with cancer, and air pollutants may be related to the higher morbidity of leukemia (Redaelli et al., 2005; Liu et al., 2013; Siegel et al., 2014; Cao et al., 2015) . Leukemic cells are derived from hematopoietic stem cells and demonstrate excessive proliferation, differentiation failure, and apoptosis disorder characteristics (Huang et al., 2013; Cao et al., 2015) . Metastasis is one of the main features of leukemia, enhancing the difficulty of its treatment (Redaelli et al., 2005) . Because leukemia cells are widely distributed in the circulatory system and can invade all tissues of the body, treatment options are very limited compared to those for patients with solid tumors (Redaelli et al., 2005) . Clinical synthetic antitumor drugs can efficiently and precisely treat leukemia; however, serious side effects and drug resistance caused by long-term usage are the major shortcomings (Harrington et al., 2005; Yang et al., 2008) . Thus, identifying powerful active ingredients from natural resources, including Chinese herb medicine, has become a treatment strategy for leukemia. Previous studies have demonstrated the effectiveness of using purified components of Chinese herbs for treating tumors with fewer side effects (Wu and Xuan, 2007; Gao et al., 2008) .
The traditional antitumor drug Sanyangxuedai from the Dai ethnic groups of Yunnan, contains pattra leaf, cinnamon, and other Chinese medicine herbs and has demonstrated effectiveness in treating non-small cell lung cancer and leukemia (Pardal et al., 2003; Kwon et al., 2010) . Cinnamon was deemed the most efficient component of the aforementioned prescription for inhibiting tumor cells, and the water-soluble component of cinnamon, methyl hydroxyl chalcone polymer (MHCP), was confirmed to be responsible for cinnamon's insulinmimetic properties (Kwon et al., 2010) . Additionally, cinnamon can also halt cell proliferation by interrupting the cell cycle at the G 2 /M phase in leukemia and lymphoma patients (Schoene et al., 2009 ). This process may be regulated by inhibiting the action of certain phosphatases, and enzymes may play a crucial role in facilitating mitosis (Mosmann, 1983) . According to Schoene et al. (2009) , the water extract of cinnamon can promote apoptosis of tumor cells and stop the cell cycle at the G 1 phase. The extract also inhibits proliferation of HL-60 cells, and it was suggested that the antitumor effect of the extract of cinnamon is associated with the concentration and time of treatment (Assadollahi et al., 2013) . Furthermore, the cinnamon water extract also demonstrated antitumor effects in cervical cancer by altering the growth kinetics of the human cervical carcinoma cell line (SiHa cells), and its antitumor mechanism may be attributable to the loss of mitochondrial membrane potential, which induced apoptosis, or lower expression of cervical trans-membrane receptor protein Her-2 via inhibition of the metastasis of malignant cells (Koppikar et al., 2010) . The inhibitory activities on NFkappaB and AP1 were demonstrated in a mouse melanoma model, which further confirmed the plausible antitumor mechanism of cinnamon (Kwon et al., 2010) . However, little is known about how the cinnamon extract reduces the activity of leukemia cells. However, deriving new drugs for treating leukemia from natural resources with fewer side effects could help improve clinical outcomes.
To achieve this objective, the active ingredients with powerful effects on leukemia were isolated and purified from cinnamon. The leukemia cell line (K562 cells) was treated with these active ingredients, which were filtered via the transwell Caco-2 cell model. This model has been widely used to investigate new drugs in vitro because of its similar characteristics to human intestinal epithelial cells. Further, the safe concentration of cinnamon extract in addition to cell morphology, cell cycle status, apoptosis, and antigenic variation of cell surface antigens were observed and analyzed to evaluate the potential role of the ingredients isolated from cinnamon on the K562 cell line.
MATERIAL AND METHODS

Isolating the active ingredients from cinnamon
Dried powder of cinnamon (50 kg) was treated with 80% EtOH (3 x 90 L) three times, and the residue (7.5 kg) was collected after removing the solvent under reducing pressure. The residue was dissolved in acetone and then filtered. The acetone solution was evaporated in a vacuum to get the acetone-soluble extract (5.0 kg), which was suspended in water followed by successive parting with petroleum ether and EtOAc. The water-soluble extract (1.5 kg) was subjected to silica gel column chromatography (CC) (20 x 120 cm, 7.5 kg) and eluted with an isocratic of CHCl 3 -MeOH-H 2 O (80:20:2.5, 25 L, v/v) to yield three fractions, A-C.
Fraction A (3.1 g) was submitted to RP-18 CC (3.0 x 3.0 cm, 80 g) by eluting with gradient aqueous MeOH (10:90, 30:70, 50:50, 70:30, 90:10, 1 L each, v/v) to yield two fractions, A1 and A2. Fraction A2 (1 g) was subjected to MCI gel CHP 20P (MITSUBISHI gel adsorption resin) CC (2.0 x 50 cm, 100 g) by eluting with MeOH:H 2 O (30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 700 mL each, v/v) to yield three fractions, A2a-A2c. Fraction A2c (300 mg) was purified by preparative thin layer chromatography (TLC) by eluting with CHCl 3 : MeOH (11:1, 100 mL, v/v) to yield compound A (19.7 mg).
Fraction B (155 g) was subjected to sephadex LH-20 CC (6 x 125 cm, 500 g) (MeOH) to obtain two portions, B1 and B2. Fraction B1 (5.2 g) was separated by RP-18 CC (3 x 50 cm, 200 g) by eluting with MeOH:H 2 O (10:90, 30:70, 50:50, 70:30, 90:10, 1 L each, v/v) to provide three portions, B1a-B1c. Fraction B1b (462 mg) was purified by preparative TLC eluting with 
Cell culture
K562 cells were obtained from Kunming Institute of Zoology, CAS. The cells were cultured with RPMI 1640 (Invitrogen, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, USA), 1% (v/v) penicillin (100 U/mL, streptomycin (100 U/mL), and 1% (v/v) l-glutamine (Invitrogen, USA). Cells were maintained at 37°C in 5% CO 2 -95% air atmosphere and sub-cultured every 3 days. All the experiments were conducted in the log phase of cell growth. (Shiraga et al., 1988 ).
Transwell cell model
To test absorption and the transport mechanism of the active ingredient from cinnamon, the transwell cell model was established with the Caco-2 cells by simulating a gastrointestinal barrier in vitro (Yang et al., 2007) . Caco-2 cells were obtained from the Kunming Institute of Zoology, CAS. Cells were cultured in cell tissue culture flasks with a 25 cm 2 opening and fed twice a week with Dulbecco's modified Eagle's medium (DMEM) and the following additives: 10% FBS, 1.5 g/L sodium bicarbonate, 5 mM HEPES, 50 IU penicillin, 50 mg/ mL streptomycin, 2 mM glutamine, 0.1 mM non-essential amino acids, and 100 mM sodium pyruvate. Cell monolayers were harvested after reaching 70% confluency by using 0.25% trypsin (Sigma, USA)/0.02% ethylenediaminetetraacetic acid (EDTA) solution. Cells were seeded at a density of 3.75 x 10 5 cells/well onto 3.0 M collagen-coated six-well transwell inserts. The inserts were fed every 2 days during the duration of culturing for 21 and 28 days. The integrity of each cell monolayer was measured with an epithelial volt/ohm meter. The transepithelial electrical resistance (TEER) was measured for each cell at the monolayer over 600 Ω/cm 2 to test the connection and integrity of the transwell model. Alkaline phosphatase was measured to evaluate the differentiation status of the Caco-2 cells. Finally, the integrity of the transwell cell model was evaluated by taking electron microscope photos.
Cytotoxicity assays
To determine a safe concentration of cinnamon extract, cytotoxicity assays were performed. The Caco-2 cells were cultured on 96-well plates for 24 h at a density of 4 x 10 4 cells/mL (200 µL media/well). The Caco-2 cells were exposed to 8 concentration gradients of the cinnamon extract in HBSS (Hank's Balanced Salt Solution) (0, 50, 100, 200, 400, 600, 800, and 1000 mg/mL) and a control group. After incubating for 2 h, 20 µL of thiazolyl blue tetrazolium bromide MTT solution (methylthiazolyldiphenyl tetrazolium bromide, Sigma, USA; 5 mg/mL MTT in PBS) was added to the culture medium, and cells were incubated at 37°C for 4 h. The formazan crystals were dissolved by adding 150 µL dimethylsulfoxide (DMSO, Sigma, USA), and the absorbance rates were measured at 490 nm. The growth inhibitory rate was calculated using the aforementioned model. The microplate absorbance at 490 nm of the Caco-2 cell suspension with Hank's balanced salt solution (HBSS) alone was determined as a blank control. The microplate absorbance of the experimental groups, in which the extraction was dissolved in the Caco-2 cell suspensions with HBSS, were also measured. The concentration exhibiting more than 80% cell survival was considered non-toxic and was used in the next step.
Cinnamon extract transwell transport
To isolate the active ingredient, the cinnamon extract was filtered with Caco-2 cell monolayers in transport buffer (10 mM HEPES, AMRESCO, USA) at 37°C (Stacker and Springer, 1991) . Caco-2 cells were cultured on transwells of 6-well plates, which were used for transport after culturing for at least 21 days and less than 28 days. The cell monolayers were washed twice with HBSS to remove traces of culture media before usage. Further, the pore resistance was detected with T > 150 by (Rs-Rb) x 4.67 cm 2 . The apical side buffer solution was discarded and 1.5 mL prepared sample liquid cinnamon extract was added (100 mg/mL HBSS preparation, sterile) to the apical side at 37°C for 2 h. Then, 2.6 mL of sample was taken from the basolateral side. Propranolol (0.1 mM) or atenolol (1 mM) was added to the transport buffer apical side. The experiment was performed in a shaker incubator at 37°C and 50-60 rpm for 1 h. To detect the transshipment volume, samples from the basolateral side were collected and stored at -20°C until assessed by high-performance liquid chromatography (HPLC) (Waterse2695, USA) with UV detection. The apparent permeability coefficient (Papp) was calculated (Yang et al., 2007) , and the structure was measured using Papp = dQ/dt x 1/60 x 1/C 0 . The membrane integrity test was performed before each step.
HPLC
Chromatography was carried out using H 2 O-CH 3 OH (Sigma, USA) at 40°C on a 250 x 4.6 mm i.d., 5 mm, Zorbax SB-C18 column. The flow rate of the mobile phase was 1 mL/ min. The amount of cinnamon extract was 1.0 mg/mL. The mobile phase A was methanol and the mobile phase B was water. The diode array detector was set to 210 nm. Cinnamon extract samples were dissolved in a solution of 10 mL HBSS in a 10 mL cuvette. The standard cinnamon extract samples A, B, and C were dissolved in the mobile phase. After 0.2-mm microporous membrane filtration, 10 µL sample was analyzed by HPLC.
Inhibition of K562 cell proliferation
The K562 cells were cultured on 96-well plates at a density of 1 x 10 5 cells/mL (200 µL/well) and exposed to 6 concentration gradients of cinnamon extract in complete medium (5, 10, 25, 50, 75 , and 100 µM). After incubating for 24, 48, and 72 h, MTT solution (20 µL 5 mg/mL MTT in PBS) was added to the culture medium and incubated at 37°C for 4 h. The formazan crystals were dissolved by adding 150 µL DMSO, and the absorbance rate at 490 nm was measured. The growth inhibitory rate of K562 cells treated with the cinnamon extract was calculated with the following formula: (A value in the blank group minus the A value of the experimental group)/A value in the blank group A x 100%. The experiments were repeated 3 times.
Effect of cinnamon extract on the K562 cells
The K562 cells in the logarithmic growth phase were collected and the concentration of the cells was adjusted to 1 x 10 5 cells/mL. To test the effects of the cinnamon extracts A, B, and C, K562 cells were treated with concentrations of 50 and 75 µM for 72 h for the experimental and control groups, repeating 3 times.
Transmission electron microscopy (TEM)
In brief, 50 µM cinnamon extract from groups A, B, and C and the control group were fixed with 4% paraformaldehyde and 2% glutaraldehyde in 0.1 M sodium phosphate buffer, pH 7.4, for 4 h at room temperature at 25°C. This was followed by washing the tissue pieces in 0.1 M sodium phosphate buffer, pH 7.4, and then placing them in 2% osmium tetroxide in 0.1 M sodium phosphate buffer, pH 7.4 for 2 h at room temperature. Dehydration was performed in ascending gradients of ethanol, followed by embedding in Epon 812 and polymerization at 60°C for 48 h. Ultrathin sections (50-70 nm) were obtained using an Ultracut Ultra microtome (Leica Microsystems GmbH, Wetzlar, Germany) and picked up onto 200-mesh copper grids. The sections were double stained with uranyl acetate and lead citrate and then analyzed using a FEI Tecnai-12 twin transmission electron microscope equipped with an SIS Mega View II CCD camera at 80 kv (FEI Co., USA).
Assessment of differentiation
The K562 cells were treated with cinnamon extract A, B, and C at 50 and 75 µM by continuous incubation for 72 h and then the cells (1 x 10 6 cells/mL) were collected. The cells were washed with 1x phosphate-buffered saline (PBS) and stained with 0.5 mL (0.5 mg/mL) of antibody at room temperature for 45 min. Two-parameter analysis was performed using a FACS Calibur flow cytometer (BD FACSArial II, USA) with CELL Quest software (BD FACS Diva software, USA). The rate of the increasing percentage of cells was assessed by binding the specific antibody of mature granulocytes cell surface antigens, and the differentiation of K562 cells was determined using flow cytometry. The levels of expression of differentiation markers CD235a, CD36, CD33, CD14, CD41, CD61, CD34, and CD38 (BD, USA) were determined.
Cell cycle analysis
K562 cells (1 x 10 6 cells/mL) in 25 mL medium with 10% (v/v) FBS were cultured in flasks. After incubating for 24 h, the medium was removed and replaced with medium containing cinnamon extract A, B, and C at concentrations of 50 and 75 µM. After incubating for 72 h, K562 cells (1 x 10 6 cells/mL) were collected, centrifuged at 400 g, and washed twice with PBS. They were resuspended in 0.5 mL of PBS with 50% ethanol by the addition of 0.5 mL of ethanol dropwise. After incubating at 4°C for 15 min, the cells were centrifuged and the ethanol was decanted. The cells were resuspended in 300 µL of PBS with 100 mg/mL of RNase A and 50 mg/mL of propidium iodide for 20 min. At 4°C, the cells were analyzed using a FACScan machine (BD FACSArial II, USA). The data were processed using MultiCycle software (BD FACSDiva software, USA).
Annexin V apoptosis analysis
K562 cells (1 x 10 6 cells/mL) in 25 mL medium with 10% (v/v) fetal calf serum (FCS) were cultured in culture flasks and incubated for 24 h. Then, the medium was removed and replaced with medium containing cinnamon extract A, B, and C at 50 and 75 µM. After incubating for 72 h, K562 cells (1 x 10 6 cells/mL) were collected using gentle agitation and incubated with FITC-conjugated Annexin V. The events (5000-10,000) were analyzed on a FACScan machine (BD FACSArial II, USA), and one hundred percent apoptosis was determined using Cell Quest software (BD FACSDiva software, USA).
Statistical analysis
An ANOVA was performed to estimate differences among multiple groups. The relevant statistical analysis was performed with Stata software (Version 11.0) using the twotailed test. An additional q test was performed if the P value was less than 0.05. All the data are reported as means ± SD.
RESULTS
Stability of the reaction system
To evaluate the effect of cinnamon extract on leukemia, the active ingredients were isolated, identified, and filtered with the Caco-2 cell monolayer model system simulating human intestinal permeability and intestinal absorption in vitro. AKP was the marker enzyme for intestinal brush border cells, which were used to test the initial differentiating biochemical characteristics of Caco-2 cells. Our results indicated that there was no AKP activity after 3 days of Caco-2 cell culture, and AKP activity was detected after 14 days of culture, indicating that this model was suitable for performing the following experiments and had the vectors and enzymes required to transfer the cinnamon extract. The integrity of the Caco-2 cells was further validated by the observance of neat tight junctions between cells and microvilli via transmission electron microscope (Figure 2 ).
Propranolol and atenolol were used as drugs with high and poor absorption, respectively, and are typically used to test the stability of the Caco-2 model. The Papp values of propranolol and atenolol tested in the Caco-2 cell monolayers were 2.54 x 10 -5 cm/s and 3.35 x 10 -7 cm/s, respectively, as determined by HPLC (Figure 3 ) and were comparable to the results reported in literature (Chong et al., 1997; Yee, 1997; Walle et al., 1999; Gao et al., 2001 ). Our results indicated that the Caco-2 model could be used to evaluate the transport of cinnamon extract. 
Cell toxicity
The inhibition rate of Caco-2 cells increased with increasing concentration of cinnamon extract after 200 mg/mL (Table 1 ). The survival rate of the Caco-2 cells was less than 58.35%. However, the inhibition rate of cinnamon extract was less than 20% at concentrations less than 100 mg/mL, which was not significantly different from the negative control group. Thus, a concentration of 100 mg/mL was used in the non-cytotoxic cell membrane experiments.
HPLC
Cinnamon extract A, B, and C were dissolved in HBSS, and filtered with the Caco-2 cell model in vitro for 2 h. The absorbents from the basolateral side were collected, and were identified using HPLC (Figure 4 ), the nuclear magnetic resonance hydrogen spectrum, and the carbon spectrum ( Figure 5 ). The mobile phase conditions are specified in Table 2 . 
Proliferation
To determine the optimal concentration of cinnamon extract for K562 cells, a cytotoxicity test was performed. As shown in Figure 6 , our results indicated that cinnamon extract could significantly inhibit the proliferation of K562 cells after prolonged treatment. In addition, increasing doses of extraction A, B, and C increased the inhibition of proliferation of K562 cells at 24, 48, and 72 h. Our results indicated that the proliferation of K562 cells could be inhibited by treatment with cinnamon extract A, B, and C at doses of 50-75 µM for 72 h (Figure 6 ). 
Morphological changes in K562 cells
To verify whether cinnamon extract A, B, and C can affect the cell morphology of K562 cells, cells in the control and treatment groups were observed with an electron microscope. Our results indicated that untreated K562 cells grew well, had clear cytoskeletons, a defined circular shape, and pronounced nucleoli ( Figure 7A ). The groups treated with 50 µM cinnamon extract for 72 h had pyknotic nuclei, agglutinated chromatin, distorted nuclear membranes, cavities of the cytoplasm, and an increasing electronic concentration in the cytoplasm compared with the control group ( Figure 7B, C, and D) . 
G 1 arrest
To further illustrate the potential role cinnamon extract A, B, and C on the K562 cell lines, the cell cycle was examined for control and treatment groups. The induction of apoptosis in cinnamon extract-treated cells was further verified by flow cytometric analysis of DNA content. Loss of DNA is a typical feature of apoptotic cells. In the present study, K562 cells treated with cinnamon extract (50 and 75 µM) for 72 h were analyzed using FACS. Table 3 illustrates the DNA content histograms obtained after PI (propidium iodide) staining of permeabilized cells. In agreement with DNA fragmentation results, typical sub-diploid apoptotic peaks were observed in K562 cells treated with cinnamon extract for 72 h. The FACS analysis of control cells, on the other hand, showed prominent G 1 , followed by the S phase (Figure 8 ). Flow cytometric analysis of cinnamon extract-treated cells showed an increase in hypodiploid apoptotic cells in a concentration-dependent manner, a decrease in cells in the S phase, and an increase of cells in the G 1 phase of the cell cycle. This suggests that cinnamon extract-induced apoptosis occurs during the G 1 phase of the cell cycle.
The effect of cinnamon extract A was examined in K562 cells at 72 h with concentrations of 50 and 75 µM, and the rates of cells in the G1 stage were 58.176 and 61.376%, respectively. The proportion of cells in the S phase was 41.824 and 38.624% at 50 and 75 µM, respectively. The percentage of cells in the G1 stage was increased compared to the control group (54.192%), and the rate of cells in the S stage decreased to 45.086% of the control group. This pattern was similar to that of cells in the cinnamon extract B treatment group. Cells in the cinnamon extract B group exhibited percentages of cells in the G1 phase of 56.519 and 60.526% after treatment with 50 and 75 µM, respectively, and the proportions of cells in the S phase were 43.481 and 39.474%. Interestingly, in the cinnamon extract C group, the G1 phase cells accounted for 59.264 and 61.047%, at 50 and 75 µM, respectively, and the percentages of cells in the S phase were 40.736 and 38.953%. Our results indicated that cinnamon extract A, B, and C can increase the percentage of leukemia cells (K562) in the G1 stage and decrease the percentage of cells in the S phase. The percentage of cells in the G1 phase increased with increasing concentration of cinnamon extract. 
Apoptosis
After exposing the K562 cells to 50 and 75 µM cinnamon extract A, B, and C for 72 h, cell apoptosis was evaluated using flow cytometry, and the results are shown in Table 4 . In the cells exposed to extract A, we found that the apoptosis rates at the G1 stage were 12.73 and 23.65%*, which were significantly different from the control group at 5.81% (P < 0.01). For cinnamon extract B and C the apoptosis rates were 14.28 and 22.77%* for extract B and 20.44 and 35.38%* for extract C, which were also significantly different from the control group (Figure 9) (Table 4) . Our results showed that cinnamon extract A, B, and C can increase apoptosis of K562 cells.
K562 cell differentiation antigen detection
To further confirm the ability of cinnamon extract to induce the differentiation of K562 cells, the terminal differentiation surface antigens of myeloid, erythroid, megakaryocyte, and the stem cell differentiation phenotype were tested. We found that myeloid differentiation phenotypes (CD13, CD33, and CD36), erythroid differentiation phenotype (CD235a), megakaryocyte differentiation phenotypes (CD41, CD61), and stem cell differentiation phenotypes (CD34, CD38) were all changed compared to the control group (Figure 10) . Specifically, myeloid and erythroid differentiation phenotypes were increased (CD36, CD13, CD33, and CD235a) and megakaryocyte differentiation phenotypes were decreased (CD41 and CD61) in K562 cells (Table 5 ). There were no significant changes in stem cell differentiation. 
DISCUSSION
Leukemia is one of the common malignancies of blood cells. Excessive proliferation, differentiation failure, and apoptosis disorder characteristics are the major features of leukemia, which requires different treatment measures than those needed for solid tumors. Previous studies have shown that the traditional anti-tumor herb Sanyangxuedai from the Dai ethnic groups of Yunnan has a powerful therapeutic effect against non-small cell lung cancer and leukemia (Pardal et al., 2003) . In the present study, we demonstrated that Sanyangxuedai, a traditional Chinese medicine that has effectively been used to treat non-small cell lung cancer and leukemia, predominately inhibits cell growth in the leukemia cell line (K562) by arresting the cells in the G1 stage.
Three new active ingredients of cinnamon, the main components of Sanyangxuedai, were isolated. To purify these active ingredients, which can be absorbed by K562 cells, they were filtered using the transwell Caco-2 cell model, which has been widely used to investigate new drugs because of its similar characteristics to human intestinal epithelial cells in vitro (Hidalgo et al., 1989) . Our results showed that 50-75 µM was a suitable concentration range for the three active ingredients of cinnamon for 72 h (Figure 6 ). Because apoptosis induction is considered to be the primary function of drugs that are effective against many types of cancer (Nicholson, 2000; Fesik, 2005) , the proliferation and morphology of K562 cells were observed after exposure to the active ingredients (A, B, and C) of cinnamon. We found that these ingredients could inhibit the proliferation of K562 cells in vitro at concentrations of 50-75 µM after 72 h (Figure 6 ). After 72 h of exposure, the morphological changes in K562 cells were screened with an electron microscope ( Figure 7A , B, C, and D). The pyknotic nuclei, agglutinated chromatin, distorted nuclear membrane, and cavity of the cytoplasm of the K562 cells were detected, which supported our apoptosis findings. Furthermore, the cell cycles were verified by flow cytometric analysis of DNA content, and our results indicated higher rates of cells in the G1 stage and a decreased number of cells in the S phase (Figure 8 ), in agreement with previous findings (Schoene et al., 2005) . Previous studies have shown that the expression of antigen markers for the cell membrane, plasma, and nuclei were closely related with the cell stage during the differentiation process of hematopoietic cells, and can serve as effective biomarkers for cell cycles (Sugimoto et al., 1989) . Specific antigen expression was taken as the characteristic marker to distinguish the cell cycle in leukemia cells (Kaleem et al., 2003) . In this study, our data showed that the expression of erythroid differentiation antigen CD235a of K562 cells increased after exposure to cinnamon extract for 72 h, and this effect was dose-dependent. The expression of myeloid differentiation antigens CD36, CD13, and CD33 showed a similar pattern to that of erythroid differentiation antigens. K562 cells have ancentrial initial features and have the potential to differentiate into other myeloid cells. However, the expression of biomarkers of progenitor cells, such as CD34 and CD38, were only 2.12 and 1.21%, respectively, after exposure for 72 h. The heterogenic characteristics of leukemia cells may cause the aforementioned phenotypes. The expression of megakaryocytic differentiation antigens CD61 and CD41 did not change.
In summary, we found that cinnamon, which forms the crucial components of Sanyangxuedai, an effective antitumor herb, could inhibit cell apoptosis by arresting cells at the G1 stage. This corresponded to an up-regulation in the expression of erythroid and myeloid differentiation antigens and down-regulation of the expression of megakaryocytic differentiation antigens with dose-dependence. Our findings revealed that cinnamon extract might be useful for treating leukemia.
